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CASCADE INVESTIGATION OF BUCKETS FOR A
MODERN AIRCRAFT TURBOSUPERCHARGER
By Arthur Kantrowltz and John R. Erwin

SUMMARY

" A cascade investigation in two-dimensional flow was
carried out in the Langley 5-inch cascade tunnel and the
Langley l-inch turblne-element testing apparatus to
obtaln a satisfactory bucket design for use in a modern
alroraft turbosupercharger. This investigation included
tests of the original bucket sectlons of conventional
deslgn and tests of bucket sectlions designed by the NACA.

Velocity-distribution eand turning-angle data were
obtained in the Langley 5-inch cascade tunnel for the
operating range of velocity ratio and are presented in
graphical form for all of the sectlions tested with the
exception of the orlginal bucket tip section, over which
the flow separated to such an extent that turning~-angle
data could not be obtained. Schlleren photographs of
high-speed alr flow eabout all the buckets tested are
presented wlth measurements of the maximum Mach number
attainable ehead of the cascade.

The NACA turbine bucket sectlions showed promise of
significant improvements. Rotating=-machine tests are
needed to make the improvements measurable directly in
terms of lowered back pressure on the engine or
increased turbosupercharger performance.

INTRODUCTION

One phase of research undertaken by the NACA iIn an
attempt to improve supercharger performance has been the
cascade investigation of the original turbine buckets of
a modern aircraft turbosupercharger, the development of
buckets by the NACA, and the cascade investligation of
the NACA buckets.
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The investigation comprised tests of models 1n two-
dimensional flow at low speeds 1n the.Langley 5-inch cas-
cade. tunnel and at high speeds in the Langley l-inch
turblne-element testing apparatus, referred to as the
" "l-inch Jet." The tests in the Langley 5-inch cascade
tunnel conslsted of a study of the static pressures on
the bucket surfaces, the tumilng angles, end the separated
regions. The tests in the l-inch jet conslsted of flow
and statlc-pressure measurements ashead of the buckets and
schlieren photographs of the flow.’

APPARATUS AND TESTING METHODS

The low-speed tests were made in the Langley 5-inch
cascade tunnel, described in reference 1 and schematically
diagrammed in figure 1. In the original turbosuper-
charger, the sections tested are located at the following
dlameters: root section, 11.03 inches; pitch sec-
tion, 12.28 inches (pltch diam.); tip section, 13.53 inches.
The radial width of the passage 18-1.500 inches. The
models of the bucket sections had the followlng chords
(measired perpendicular to the stagger line):

Type Root chord Pitch chord Tip chord

p (in.) (in.) (1in.)

original 9.01 6.42 L.31
NACA 9.00 6.6l ;.83

In each case, the spacing of the bucket section was
5 inches messured parallel to the stagger line, and all
models had a span of 5 inches. The cascade consisted of
five blades set relative to the stagger line as shown in
figure 1. A study was made of the pressure distribution
and the air flow about the central blade, which was
equipped with static-pressure oriflicés. The flow wsas
examined with a tuft to locate ‘regions of separated flow,
When separatsd reglons were found, the extent of separa-
tion was determined by explorations with an impact tube.
The direction of the flow before entering was assumed
parallel to the tunnel axls and after leaving was deter-
mined with a yasw head. The alrspeed in these tests,
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which was messured by static-pressure orifices 1 chord -
shead of the models, was about 2110 feet per second.

The high-speed tests were made 1in the Langley l-inch
turbline-element testing apparatus, which is schematically
disgrammed in flgure 2. The models of the bucket sections
had the following chords (measured perpendicular to the
stagger 1ine)

] Root chord Pitech chord " Tip chord
Type . (im.) (1n.) f1n.)
Original © 2.3 . 1.75 . 1.10
NACA 2.43 1.7'5 1. 127

The spacing of all of the sections (measured
parallel to the stagger line) was 1.30 inches, except .
that the NACA root section and the orlginal .pltch sec-
tion were built to & 1.35-inch spacing. All models
had a span of 1 inch. Orifices 1n the guide blocks -

1 chord ehead.of the four-blasde cascads were used to
measure the static pressure and hence the Mach number at
the entrance to the buckets. :

RESTVLTS AKD DISCUSSION

Two~-dimensional tests st best cannot completely
reproduce operating conditions that exist in turbosuper-
chargers. The tests in the l-lnch jJjet were conducted at
Mach numbers from zero through the choking Mach number,.
the range over which the turbine operates. The Reynolds
numbers for the tests in the l-inch jet and the Langley
5=-1nch cascade tunnel wers conslderably larger than the
turbine Reynolds numbsr. Threse-dimensionsal flows and .
rotational effects were not reproduced. Tor these reasons, -
rotating-machine tests are the only means of quantitatively
evaluating bucket designs.

Conditions relative to the rotating buckets were
simulated in the tests, The relation between the angle
att which alr enters the cascade and the corresponding

velocity ratio in-the turbine is

g = cos (K * B)

cos B




whers ,
g ratio of velocity of turbine to theoretical velocity
of gas leaving nozzles _ .
K angle between tangential direction and direction
at which gas-leaves turbine nozzles, relative
to nozz%es, for original turbosupercharger,
- X - )
u 202 .
8- stagger angle, that .is, angle betwesn incoming

alr and a pervendicular to cascsade, relative
to cascade (fig. 1)

N It was reported to NACA that "the design pitch velocity
ratio &, was O. 150, which corresponds to a ‘stagger

angle B of 54,°. By the geometry of the turbine, if a

uni form veloclty and angle at the nozzle exlt are assumed,
the design root veloeity ratio &, 1s then 0.LOl, which

corresponds-to a stagger angle B of 56. 5°, and the design
tip velocity ratlo & 1s O. :96, whiech corresponds to a
stagger angle f of 52 . The low-spesd tests.were there-
fore run at stagger anglos that would simulate the veloclty
ratios over a range centered about the design conditione.

The buckets developed by the NACA were designed to
have the same section areas as the origlnal sections, on
the ‘assumptlon that the rotatlon stresses in the NACA
bucket would ve no hlgher than the stresses in the original
bucket. The NACA sections were deslgned to turn the flow
the same amount as corresponding original sections. For
all flow veloclties, an attsmpt .1s made in the original
deslgns to malntaln the flow leaving the buckets parallel
to the trailing-edge direction by means of guldance, that
1a, by having the passage walls parallel to each other
at the trailing edge.

In the experiments 1n the l-inch Jet, an attempt .was
made to evaluate the relative merlts of the original and
NACA sections by measuring the Mach number shead of the
blades at which choking occurred 1n ths blade passages.
The choking Mach number 1s defined as the hlghest Xach
number attalneble shead of 'the bledes. It is evident
that, other things belng equal, a higher choking lach
number for the same turning angle indicetes a more effl-
clent passage.

r
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- Sehlieren-photographs were taken of high-speed flow
about each bucket seotlion set at the design Vveloclty
ratio for a serlies of pressure ratlos. These photographs
indicate separated regions quite clearly and show good
correlation with the results of the tuft and impact-tube

_explorations in the Langley 5-inch casgade tunnel,
partiocularly in the case of the original tip section.
Local high-veloclty reglions, as measured In the low-spesd
cascede tests, lower the choking Mach number. This effect
1a demonstrated by comparison of the data presented on
velocl ty distribution and choking Mach number.

Root Sections

The NACA root section is similar to the original
root sectlon shown 1n figure 3 except that the convex
surface has an arc of larger radius preceding the straight
tralling edge (fig. Li). A comparison of the veloclty
distributions of the original root section (fig. 5) and
the NACA root sectlon (fig. 6) indicates that both sec-
tlions are satisfactory. The NACA blade has a more unlform
flow pattern; figure 6 shows no peaks and the high-veloclty
reglon 1s maintalned wéll back along the convex surface.
Both root sectlons exhibited thickened boundary layers on
thelr convex surfaces, but the flow dld not separate over
elther section. The turning angle of the NACA section
varles only slightly from that of the origlinal section.

In the l-inch Jet, the maximum Mach number of the
flow entering the cascade was equal to 0.67 for both cas-
cades. The two sections thus operate much the same at
high speeds. The schlieren photogrephs of the original
root section (fig. 7) and the NACA root section (fig. 8)
Indicate that.the flow over both models similtaneously
becomes supersonic over a large part of the chord.

Pitch Sections

Guldance 183 incorporated in the original pltch
section sfig. 9) but not in. the NACA pltech section )
(fig. 10). In the design of the NACA section, an attempt
was mede to prevent separation and to sllow operation at
hig? Mach numbers by using increased radil in the convex
surfaces. .
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The velocl distribution over the original pitch
section (fig. 11) shows relatively high velocities over
the leading half of the chord, which suggests that sonlec
velocltlies would be reached in the flow over this bucket
before the entrance Mach number bécomes high. Figure 11
also indicates & rapld pressure recovery between 50 and
60 percent chord. The velocity distribution over the
NACA pltch section (fig. 12) shows lower local velocities
wlith a less steep pressure recovery. Both buckets tumm
the alr simllarly and exhibit thlckened boundary leayers
with 1little separation.

Schlleren photographs for the teats in the l-inch
Jet give evlidence that the separation and turbulence in
the flow through the original pitch section (fig. 13) has
been reduced in the NACA design (fig. ;). For the
orlginal blade, choking occurred at an entrance Hach
mumber of 0.58. The NACA bucket did not choke until an
entrance Mach number of 0.72 was reached. The NACA
pltch bucket section 1s considered to be a definite
improvement. .

T p Sections

As may be seen from flgure 15, the original tip
sectlion does not represent modern aerodynamic design.
The flow over this sectlon was found by impact-tube survey
to be badly separated. The velocity distribution was
typical of separated. flow. Because of the limited aresa
allowed for the tip section to comply with the stress
requirements, the NACA tip sectlion (flg. 16) could not
be desligned to eliminate completely the flow separation
found in the originael tip section (fig. 17). Hollow
buckets might, however, make such design possible. The
compromlse sectlon selected (fig. 16) does prevent separa-
tlon over the leading 60 percent of the convex surface -
and does kesp to a minimum separation on the concave sur-
face. Thls section has no guldance. The veloclty distri-
bution (fig. 18) 1s falrly good, although a tendency to
peak at 60 vercent chord 1s evident for velocity ratios
greater than 0.57. The flow turning sngles approximate
those intended for the.original tlp section. .

The schlleren photographs of the orliginal tip sec-
tion (fig. 19) ‘show separation occurring in the same
menner &8 was found in the low-spesed tests (fig. 17).

The photographs of the NACA tip section (fig. 20) indicate
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that the separation has been.greatly diminished over the
convex surfece and has become invisible over the concave
surface. The entrance Mach number at which choklng
occurred was 0.1,8 in the original design but was-increased
to 0.63 in the NACA design, an important improvement.

CONCLUSIONS

A cascade investigation in twovdimensional flow of the
original buckets and of buckets deslgned by the NACA for
a modern aircraft turbosupercharger has been carried out
at ILMAIL.. The bucket sectlons were teasted at low speeds
in the Langley 5-inch cascade tunnel and at high speeds
in the Langley l-inch turbine-element testing apparatus.
The results of thls investigation Indlicated the following
conclusions:

1. Both the original and NACA root bucket sectlons
wore satlsfactory.

2. The NACA pitch section was a definite improvement
over the original pitch sectlon.

3. The NACA tip sectlon was satisfactory, whereas
the original tlp sectlion had baedly separated flow.

L. Rotating-machine tests are needed to make the
improvements measurable directly in terms of lowered
back pressures on the engine or increased turbosuper-
charger performance.

Langley Memorlial Aeronautical Laboratory
National Advisory Committee for Aeronautics
. Langley Fleld, Va.
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Figure 3.~ Original bucket oot sectlon desl
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Pigure L.~ Bucket root gsactlon designed by NACA.
A11 dimensions are in inches.
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Figure 7.- Schlieren photographs of flow through
original root section. &, = 0.404; B8 = 56.5°.
Upper numbers indicate chamber pressures in
atmospheres; lower numbers, entrance Mach num-
bers. Choking occurred at an entrance Mach
number of 0.67.
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Figure 8.- Schlieren photographs of flow through
NACA root section. £, = 0.404: B = 56.5°.
Upper numbers indicate chamber pressures in
atmospheres; lower numbers, entrance Mach
numbers. Choking.occurred at an entrance Mach
number of 0.67.
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Figure 13.- Schlieren photographs of flow through

original pitch section. &, = 0.450; B 540,
Upper numbers indicate chamber pressures in
atmospheres; lower numbers, entrance Mach
numbers. Choking.occurred at an entrance Mach

number of 0.58.
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Figure 14.- Schlieren photographs of_flow through

NACA pitch section. £, = 0.450; B = 54°.
Upper numbers indicate chamber pressures in
atmospheres; lower numbers, entrance Mach num-
bers. Choking occurred at an entrance Mach

number of 0.72.
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Figure 15.- Original bucket tip section.
All dimensions are in inches.
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Figure 16.- Bucket tip sectlon designed by NACA.
All dimensions are in inches,
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Figure 18.~ Velocity distribution and turning sngle of NACA tip section.



s cas )

NACA ACR No. L4J25 Fig.

M:.485
' MAL 74945

Figure 19.- Schlieren photographs of fiow through
original tip section. &4 = 0.496; B = 520,
Upper numbers indicate chamber pressures in
atmospheres; lower numbers, entrance Mach num-

bers. Choking occurred at an entrance Mach
number of 0.48.
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Figure 20.~ Schlieren photographs of flow through
NACA tip section. &, = 0.496: B8 = 52°. Upper
numbers indicate chamber pressures in atmo-
spheres; lower numbers, entrance Mach numbers.
Chokingoccurred at an entrance number of 0.63.




176 013564 416

ARV L -

25~
%




